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INTRODUCTION

Recently, many large–scale wooden buildings made
of sugi heavy glulam timbers have been constructed in
Japan.  To guarantee the strength properties of these
timbers, a high level of quality control is needed.  The
laminae that comprise glulam timber are generally
finger–jointed.  However, laminae with konts near the
finger–joint and starved joints in the finger–joint are
often found in the manufacture of glulam timbers, and
greatly decrease the timbers’ strength when located on
the external layer.  Therefore, for the manufacture of
glulam timbers with good strength properties, the evalu-
ation of finger–joint properties after finger–jointing is
important, and the method is hoped to be simple and
non–destructive.  In a previous study on the evaluation
of performance for wood based–materials by the
non–destructive method, the detection of starved joints
in plywood by acoustic emission (AE) was investigated
(Yoshimura et al., 1987).  For butt–jointed laminae,
bending test has been performed and AE generated
during bending test has also been investigated (Byeon et

al., 1992).  In addition, other studies have been con-
ducted in the past (Arakawa et al., 2001; Xu Y et al.,
1993).  However, the evaluation of performance for fin-
ger–jointed laminae in actual size by the non–destruc-
tive method has not been examined.

In this study, sugi (Cryptomeria japonica D. Don)
finger–jointed laminae with an intergrown knot near the
finger–joint and starved joints in the finger–joint were
prepared, and the evaluation of finger–joint performance
was conducted by AE as the non–destructive method.
That is, bending tests for these laminae were performed,
and AE generated during bending test was measured
along with the load.  Then, AE characteristics and bend-
ing strength properties were examined.

MATERIALS AND METHODS

Specimens

Specimens used in this study were made with sugi
(Cryptomeria japonica D. Don) laminae.  Their
modulus of elasticity (MOE) ranged from 8 to 9 kN/mm2.
The specific gravities and the moisture contents of
specimens were around 0.42 and 10.9%, respectively.
These laminae were sorted according to whether or not
they had any knots within 200 mm of the tip of the
finger.  Short–length laminae were made in the following
conditions.  These laminae were finger–jointed using
resorcinol phenol resin type adhesive (SR–160) and end
pressed at 4.6 N/mm2.  The adhesive was double spread
on the laminae before pressing, and the specimens were
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without knots and starved joints/controls.  Therefore, the AE technique is promising for the monitoring of
knots and starved joints during bending test.  In this experiment, for the laminae with a knot, the difference
of the bending strength was not admitted.  From this result, the bending strength was almost unaffected by
the difference of the knot position near finger–joint.  For the laminae with starved–joints, the MOE was
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the controls.  It follows from the above results that the AE technique is promising for the detection of knot
parallel to the finger–joint and starved joints in the finger–joint at the early stage of the bending test, even if
the knot and starved joints do not cause much reduction in the bending strength.
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cured at room temperature for more than 48 hours after
adhesion.  The profile of the finger–joint was as shown
in Fig. 1, where L＝25.0 mm, p＝6.0 mm, t1＝0.8 mm,
t2＝0.6 mm, and θ＝5 in 29.  The laminae without knots
and starved joints were used as control specimens.  The
bending specimens were 144 mm wide, 30 mm thick, and
1000 mm long.
Laminae with an intergrowth knot

Laminae with knots had one intergrowth knot about

20 mm in diameter near the finger–joint.  Laminae with a
knot within 20 mm of the tip of the finger–joint and
parallel to the finger–joint were described as KW; those
with a knot within 40 mm of the edge of the specimen in
the length direction were described as KL.  KW and KL
knot positions were set as shown in Fig. 2 and assumed
to be KW1–4 and KL1–4, respectively.
Laminae with starved joints

Laminae with starved joints in the finger–joint have
no knots within 200 mm of the tip of the finger–joint.
These laminae, upon which adhesive was not spread on
one of 24 fingers parallel to the width (starved joint),
were described as 1N; those with two starved joints
were 2N, and those with three starved joints were 3N.
These positions of starved joints were set as shown in
Fig. 3 and assumed to be s, q, and c, respectively.

AE monitoring method during bending test

Figure 4 shows a schematic diagram of the bending
test and AE measurement.  A static bending test for all
specimens was conducted by four–point loading using
the Instron mode strength test machine.  The span was
630 mm, the distance between the loading point and
supporter was 210 mm, and the crosshead speed was set
at 5.0 mm/min.  The MOE and modulus of rupture
(MOR) were measured and recorded for each specimen.
In addition, the AE generations during the bending test
were measured along with load.  Two AE–sensors (901S:
NF) were mounted on each side of the finger–joint using
electron wax as a couplant.  The AE signal received by
the AE sensors during the bending tests was amplified
to 40 dB by a preamplifier (9917: NF) and additionally
amplified to 40 dB by a main amplifier (7691: NF).  The
threshold level was 20 mV.

RESULTS AND DISCUSSION

Accumulated AE count

Figure 5 shows the relationship between the accu-
mulated AE count and the load for each KW specimen,
and the control.  For each KW specimen, AE signals
were measured at the early stage of the bending test and
the accumulated AE count was large as compared with
the laminae without knot/control.  This was considered

112 K. YANO et al.

Fig. 1.  Profile of the finger–joint.

Fig. 2.  Types of specimens with a knot.

Fig. 3.  Types of specimens with starved joints.



that the slight destruction was caused by a knot near the
finger–joint.  However, the difference in accumulated
AE count between each KL specimen and control was
not admitted.

Figure 6 shows the relationship between the accu-
mulated AE count and the load for 1Ns, 2Ns, 3Ns, and
the control.  It was found that AE signals of laminae with
starved joints occurred comparatively early in the bend-
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Fig. 5. Relationship between accumulated AE count
and load.

Fig. 6. Relationship between accumulated AE count
and load.

Fig. 7.  Detection results of one–dimensional AE source positioning for 1N type.

Fig. 4.  Schematic diagram of bending test and AE measurement.



ing test, and the accumulated AE counts for these lami-
nae were also much larger than those of the controls.

In addition, for laminae with starved joints, AE
source position was detected by the one–dimensional
method.  Figure 7 shows the detection results of
one–dimensional AE source positioning for 1N type.
The pictures of finger–joints in the lower half of Fig. 7
correspond to the width of the abscissas in the upper
half of Fig. 7, and the gray part of the finger–joint shows
the starved joint.  As is made clear in this figure, the AE
peak coincided with the starved joints part.  Similar ten-
dencies were shown in 2N and 3N types.  From the
observation of the specimens after the bending test, we
concluded that most of the laminae had gaps at the
starved joints part, and cracks occurred as shown in Fig.

8.  These results suggested that AE was generated at
the starved joints.

AE generation load

The load when AE generation started is designated
the “AE generation load”.  Figures 9 and 10 show the
relationship between the AE generation load and each
specimen.  The AE generation load for each KW speci-
men increased as the distance between AE sensor and
knot increased, and the loads were small as compared
with those of controls.  In KL specimens, the difference
of the AE generation load caused by the difference of
the knot positions was not admitted, and the difference
of that was not also admitted between KL specimen and
controls.
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Fig. 8.  Cracks and gaps of specimens with starved joints for 3Nc type.

Fig. 9.  Relationship between AE generation load and each specimen with a knot.

Fig. 10.  Relationship between AE generation load and each specimen with starved joints.



The AE generation load for N specimens increased
as the distance between AE sensor and starved joints
increased.  This is probably because the AE signal level
decreased as the distance between the AE sensor and
the starved joint increased, due to AE attenuation.  In
addition, the AE generation load of all laminae with
starved joints was lower than that of controls during the
bending test.

These results all suggested that the AE technique is
promising for the detection of both knot parallel to the
finger–joint and starved joints in the finger–joint at the
early stage of the bending test.

Bending strength properties

Figure 11 shows the relationship between MOR
and MOE and each KW and KL specimen.  No difference
of the bending strength between KW or KL specimens
and controls was admitted.  From this result, the bend-
ing strength was almost unaffected by the difference of
the knot position near the finger–joint.  It follows from
the above results that the slight destruction caused by
knot does not greatly influence the decrease in strength
properties of laminae.

Figure 12 shows the relationship between MOR
and MOE and each N specimen.  There was no effect of
starved joints on MOR for any of the 1N types.
However, the MOR of 2Nq, 2Nc, and all 3N types
decreased slightly as compared with that of the laminae
without starved joints/controls.  These results suggested
that the AE technique is promising for the estimation of
strength degradation of laminae with starved joints of
2N and 3N types.  On the other hand, MOE was almost
unaffected by the starved joints.

CONCLUSIONS

In this study, sugi finger–jointed laminae with a knot
and starved joints were prepared, respectively, and the
evaluation of performance for finger–joints was con-
ducted by acoustic emission (AE).  That is, bending
tests for these laminae were performed, and AE
generated during the bending test was measured along
with the load.  Then, AE characteristics and bending
strength properties of these laminae were examined.
The main results are summarized as follows:
1.  For the laminae with a knot parallel to the

finger–joint and starved joints in the finger–joints, AE
signals were measured at a comparatively early stage
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Fig. 11. Relationship between MOR and MOE and each KW and
KL specimen with a knot.

Fig. 12.  Relationship between MOR and MOE and each N specimen with starved joints.



of the bending test, and the accumulated AE counts
were very large as compared with the laminae with-
out knots and starved joints/controls.

2.  From the detection results of one–dimensional AE
source positioning for laminae with starved joints, it
was confirmed that AE was generated at the starved
part of the finger–joint. 

3.  The AE generation load for the laminae with a knot
parallel to the finger–joint increased as the distance
between AE sensor and knot increased, and these
loads were small as compared with that of the con-
trols.  The AE generation load for the laminae with
starved joints increased as the distance between AE
sensor and starved joints increased.  In addition, the
AE generation load of all laminae with starved joints
was lower than that of controls during the bending
test. 

4.  The difference of the bending strength between all
laminae with a knot and controls was not admitted.
From this result, the bending strength was almost
unaffected by the difference of the knot position.  For
the laminae with starved–joints, the MOE was almost
unaffected by the presence of the starved joints,
while the MOR decreased slightly as compared with

the controls.
It follows from the above results that the AE tech-

nique is promising for the detection of knot parallel to
the finger–joint and starved joints in the finger–joint at
the early stage of the bending test, even if the knot and
starved joints do not cause much reduction in the
bending strength.
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